Biourbanism as neuroergonomics in design by Tracada, Eleni et al.
Caperna, A., Tracada E., Serafini S., Biourbanism as Neuroergonomics in Design 
DR. ELENI TRACADA 
HEAD OF BUILT ENVIRONMENT RESEARCH GROUP 
UNIVERSITY OF DERBY, SCHOOL OF ENGINEERING AND TECHNOLOGY 
E.TRACADA@DERBY.AC.UK 
 
DR. ANTONIO CAPERNA 
INTERNATIONAL SOCIETY OF BIOURBANISM, ROME, ITALY  
ANTONIO.CAPERNA@YAHOO.IT 
 
DR. STEFANO SERAFINI 
STEFANONIKOLAEVIC@GMAIL.COM  
INTERNATIONAL SOCIETY OF BIOURBANISM & VISITING PROFESSOR AT UNIVERSITY OF 
TOMSK, RUSSIA 
‘Biourbanism as Neuroergonomics in Design’ 
Towards a Progressive Arts Education:  
Inclusion, Change and Intervention  
Conference & Exhibition,  British Library, 6– 8 November 2013 
Built Environment Research Group 
Biourbanism as 
Neuroergonomics in Design 
Caperna, A., Tracada E., Serafini S., Biourbanism as Neuroergonomics in Design 
Biourbanism as Neuroergonomics in Design 
Or 
  
The art of making a healthy city for healthy citizens 
 
 
Biourbanism demonstrates and teaches how we can deal with 
cities today as responsible designers and inhabitants. 
 
‘How human neurophysiology reacts to the organization and the 
forms of space, is the first step to produce undeniably sustainable 
new design for the 21st century.’ 
  
(Caperna; Tracada; Serafini, 2013) 
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• Biourbanism introduces new conceptual and 
planning models for a new kind of city, which values 
social and economical regeneration of the built 
environment through developing healthy 
communities.  
• Biourbanism combines technical aspects, such as 
zero-emission, energy efficiency, information 
technology, etc. and the promotion of social 
sustainability and human well being.  
Caperna, A., Tracada E., Serafini S., Biourbanism as Neuroergonomics in Design 
Biourbanism as Neuroergonomics in Design 
• Biourbanism endorses principles of geometrical 
coherence, Biophilic design, Bio Architecture, 
Biomimesis, etc. in practices of design and also new 
urban policies to promote urban revitalization by 
ensuring that man-made changes do not have harmful 
effects to humans.  
• Green city standards start inside the designs of each 
building and continue either in unbuilt spaces 
surrounding buildings or inside complex infrastructural 
networks, connecting buildings and people.  
• New exciting developments recently, such as fractals, 
complexity theory, evolutionary biology and artificial 
intelligence are interrelated and constantly stimulate 
interaction between human beings and the 
surrounding built and unbuilt environment. 
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Biourbanism considers the city as a living organism; 
it studies it within the frame of Integrated 
Systems Sciences and the last advancements of 
Life Sciences, such as: 
 
– Laws of form and Self-organization in 
evolution; 
– Constructal Law;  
– Morphogenetic processes 
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Natural Laws of Form The presence of Fibonacci 
patterns is ubiquitous in 
nature, from galaxies to 
seashells, from 
magnetized droplets in a 
viscous medium to the 
organization of florets in 
plants (as shown in the 
figure for sunflowers). 
Moreover, the numbers of 
such spirals (clockwise 
versus counterclockwise) 
are typically Fibonacci 
numbers (21 and 34 
respectively) . 
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Constructal Law and Biourbanism 
Constructal Law has been introduced by 
Adrian Bejan affirming that ‘design is a 
universal phenomenon in nature. It is 
physics. It happens naturally when 
something is flowing and it is free to 
morph. Design unites the animate with the 
inanimate.’ 
(Bejan & Lorente, 2013, p3). 
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Designs are tree-shaped (Bejan & Lorente, 2013)  
Tree-shaped 
architectures: 
‘Constructal invasion 
of a conducting tree 
into a conducting 
body’ 
(Bejan & Lorente, 
2013)  
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Human sensory systems 
• Have evolved to respond to natural 
geometries of fractals, colors, scaling, 
symmetries 
 
• Fine-tuned to detect pathologies of our body, 
signed by departure from natural geometries 
 
• Human beings require contact with the 
geometry of biological structure 
 
• Social and mental health deteriorates in 
nature-less surroundings 
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• Neuroesthetics is an attempt to combine neurological 
research with aesthetics by investigating the 
experience of beauty and appreciation of art on the 
level of brain functions and mental states. 
• Neuroesthetics uses the techniques 
of neuroscience in order to explain and understand 
the aesthetic experiences at the neurological level.  
• The topic attracts scholars from many disciplines 
including neuroscientists, art historians, artists, 
and psychologists.  
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Aesthetic experience and mirror neurons - 
motion, emotion and empathy  
David Freedberg (Art History, Columbia Univ.) and Vittorio Gallese 
(Neuroscience, Parma) offer an interesting perspective on possible 
relationships between mirror neuron systems and artistic 
experience : 
They propose that a crucial element of aesthetic 
response consists of the activation of embodied 
mechanisms encompassing the simulation of 
actions, emotions and corporeal sensation, and 
that these mechanisms are universal.  
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Spaces are created by geometries and space for the 
artists becomes their real obsession.  Artists, designers 
and architects have been fascinated  at all times by 
geometries generated by pathlines’ mystical 
forcefulness able to create primordial shapes, cells and 
complex forms; ‘form comes to the real world when 
line moves along a creative performing process.  There 
is always an everlasting performance act of lines which 
penetrates space and defines it as a telic art…’  
 
(Tracada, 2008 in Hatton, K. (ed.) Design-Pedagogy-Research) 
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‘Paths are nothing else than lines defined by geometrical 
conventions and also considered as indexical elements; they 
are strictly controlled by human performance inside both 
natural and artificial or built environment… Every single 
person can be an artist or performer capable to orchestrate 
a cosmic movement of pathlines exploding into cosmic 
geometries penetrating nature and creating artefacts; this is 
the perpetual way of creating three dimensional forms in 
harmony with human deeds or activities or actions. Every 
single human being can be unconsciously transformed into 
an actor /performer, or art doer /artist.’ 
 
(Tracada, 2008 in Hatton, K. (ed.) Design-Pedagogy-Research) 
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Fractal coupling forces in mapping lines of communication 
 
‘Traditional 
urban geometry 
is characterised 
by fractal 
interfaces’ 
  
(Batty & Longley, 
1994; Bovill, 1996; 
Frankhauser, 1994; 
Salingaros, 2005) 
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The above-mentioned theories and practices 
have been discussed with undergraduate and 
postgraduate students since 2011 in the 
Designing Environments module (MSc 
Sustainable Architecture and Healthy Buildings), 
for example … 
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Fractility and diagnostics in new cartography and 
geographical mapping (student work) 
Is my Country really a Sustainable Island? 
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And of course theories and practices of 
Biourbanism were taught and applied in 
student work during Progetto Artena and 
the recent Summer schools in July 2012 and 
July 2013 which were organised by the 
International Society of Biourbanism in 
Artena, Province of Rome, Italy. 
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GOAL: Smart Community- Artena 
 
o  Social capital  
o  Economical capital 
o  Cultural growth 
o  Town and country planning according to     
Biourbanism approach 
Artena Village, Province of Rome, Italy  
Biourbanism as Neuroergonomics in Design 
Caperna, A., Tracada E., Serafini S., Biourbanism as Neuroergonomics in Design 
See short film  
produced by Peleo film: 
 
http://www.biourbanism.org/isb_su
mmerschool_2012_movie/ 
 
Artena Village, Province of Rome, Italy  
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Artena Village, Province of Rome, Italy  
‘Ruin Academy’ 
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And … considering thermodynamic formulas from 
Physics  
to teach Kinaesthesia in Architecture 
during the Erasmus international project 
‘Dance Architecture Spatiality 2012, 2013 & 2014’ in 
Athens, Vicenza and Montpellier. 
 
Read: 
Tracada, E. (2013) ‘Harmonious Architecture and 
Kinetic Linear Energy’ in Villemur, F. (ed.) DAS 2012, 
Athens, Montpellier: Montpellier.archi.fr, pp127-137 
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Urban science and theories of human behaviours 
inside built and non-built environments  
The human mind establishes a deep connection with the 
environment by possessing geometrical information 
from its surroundings 
 
People recognise what looks and feels natural by its 
scaling hierarchy and also react accordingly 
 
The mathematical qualities of meaningful environments 
are those that manifest themselves in fractal 
subdivisions (an inverse-power distribution of sizes) 
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Watch: 
 
‘Edipo in Corso Palladio’ – EZG  
(DAS 2013 workshops)  
 
http://www.youtube.com/watch?v=dUP
GtF2khe8 
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The Journal of 
Biourbanism 
(JBU) 
 
Eleni Tracada 
Editor in Chief 
University of Derby 
International Society of 
Biourbanism 
 
http://journalofbiourba
nism.org/ 
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